This prospective study was carried out at the Cleft Lip and Palate Centre at King Abdullah University Hospital and Maxillofacial Unit at Jordan University of Science and Technology during the period of 2000 to 2006. The sample consisted of 77 secondary alveolar bone grafts (62 patients), which were performed according to the same standardized surgical technique by a single maxillofacial surgeon.
This prospective study was carried out at the Cleft Lip and Palate Centre at King Abdullah University Hospital and Maxillofacial Unit at Jordan University of Science and Technology during the period of 2000 to 2006. The sample consisted of 77 secondary alveolar bone grafts (62 patients), which were performed according to the same standardized surgical technique by a single maxillofacial surgeon.
The objective was to assess the outcome of secondary alveolar bone grafting (SABG) before (early SABG) and after (late SABG) the eruption of the permanent maxillary canine in unilateral and bilateral Jordanian cleft subjects. Patients were divided into four groups: early unilateral SABG (22) , late unilateral SABG (25) , early bilateral SABG (8) , and late bilateral SABG (7) . Follow-up period ranged from 6 months to 5 years. Periapical or occlusal radiographs were used to assess the outcome of SABG. The degree of bony fill in the cleft area was assessed using the 4-point Kindelan scale. Only Grade 1 (more than 75% bony fill) cases were considered successful. Early unilateral SABG had a success rate of 90% while late unilateral SABG rate was 80%. The overall success rate of the unilateral SABG (85%) was higher than the rate for the bilateral cases (56%). Our findings support the conclusion that the outcome of early SABG is superior to late SABG. The overall success rate of SABG sample (74%) compared relatively well with other published results.
Key Words: Bone graft, cleft lip and palate, Jordanians S econdary alveolar cleft bone grafting (SABG) has become a well-established treatment modality in the rehabilitation of patients with cleft lip and palate and any cleft patient should be considered for grafting. 1Y4 SABG is performed at the mixed dentition state before the eruption of the permanent canine and involves the grafting of cancellous bone into the residual alveolar cleft. 1, 5, 6 The advantages of successful SABG have been enumerated by many authors. The main advantages are: stabilization of the maxillary arch, creation of bony matrix for the eruption of the teeth in the line of the cleft site, providing bony support to the teeth adjacent to the cleft, raising the alar base of the nose, obliteration of oronasal fistula, allowing the placement of implant in the grafted bone, and obtaining favorable periodontal conditions of the teeth within and adjacent to the cleft.
1,5Y21
The SABG success rate ranging from partial improvement to complete correction have been reported by different authors, depending on the method of assessment and the criteria of success. 1,5,6,11Y19,21 Different clinical criteria have been used for evaluating the outcome of SABG including the eruption of the cleft teeth, periodontal status, alveolar height and facial esthetic results. 5, 17 Assessing the success of SABG radiographically has been carried out on long-term basis and is as important as clinical assessment. The postoperative bone formation in alveolar clefts has been evaluated by radiographs such as periapical, occlusal, and panoramic, and by computed tomography (CT). Rosenstein et al 22 have shown that two dimensional radiography to be as effective as CT scans in determining the bony coverage of teeth adjacent to the cleft site. The scale described by Bergland et al 1 is considered the gold standard which focused on the height of the interdental septum adjacent to the erupted canine, and uses radiographs taken 1 year after the surgery for assessment. However, an ideal scale should be able to identify bone graft failure before the cleft teeth erupt because repeated bone grafting after the eruption of teeth is often associated with a higher failure rate. Long et al 13 Table 1) .
The age at the time of SABG ranged from 8 years, 9 months to 33 years, with a mean age of 14 years. Early SABG, before the eruption of the canine, was performed in 30 patients (mean age 10 years, 3 months) ( Table 1) . Late SABG, after the eruption of the canine, was performed in 32 patients (mean age 16 years, 5 months) ( Table 1) .
Assessment of Grafts Radiographically
The preoperative and postoperative radiographs analyzed were those routinely taken for surgical and orthodontic control purposes. The treatment protocol included the use of preoperative periapical/ occlusal radiograph taken 1Y3 months before the SABG and a serial of postoperative radiographs taken to assess outcome of SABG at approximately 3 months intervals. The requirement for postoperative follow-up period was a minimum of 6 months. The average time of follow-up after SABG was 2.8 years, ranging from 0.6 to 5.5 years. The postoperative radiographs were assessed to determine how much bone left in the cleft area using the following assessment scale 7, 15, 24 :
Grade 1: more than 75% bony in-fill of the alveolar cleft Grade 2: 50Y 75% bony in-fill of the alveolar cleft Grade 3: less than 50% bony in-fill of the alveolar cleft Grade 4: No complete bony bridge Only grade 1 SABG cases, which corresponded to Bergland 1 types I and II, and Chelsea 19 types A and C, were classified successful.
RESULTS

S
ABG was considered successful when 75% or more (Grade 1) of the bone volume was retained at least six months following grafting. This corresponds to The SABG success rate (Grade 1) in the 22 unilateral cleft patients (UCLP) performed before the eruption of the permanent maxillary canine (early SABG) was 90% (Fig 1) . The success rate dropped to 80% in the 25 unilateral clefts when SABG was performed after the eruption of the permanent maxillary (late SABG) (Fig 2) . About 12% of the late SABG were Grade 2 and 8% were Grade 3 (Fig 2) . The overall success rate of SABG in unilateral clefts was 
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85% with no recorded cases of complete bone graft loss (Table 1) .
In the bilateral cleft group (BCLP), 15 patients had 30 SABG, 16 of which were before the eruption of the canine. Timing of SABG in the bilateral cleft group did not influence the outcome of grafting (Fig 3) . Both early and late bilateral SABG, showed an inferior outcome (56%) compared to the unilateral clefts (85%). About 17% of bilateral cases were classified as Grade 2 and 6% were classified Grade 3. The failure rate (Grade 4) of SABG in this group was 20% ( Table 1) .
The disappointing outcome of SABG in bilateral cleft has influenced the overall success of grafting in the present sample. The success rate of early SABG for unilateral and bilateral clefts combined was 76% and for late SABG was 71.8%. The overall success rate in the 77 SABG evaluated in the present study was 74%.
DISCUSSION B
oyne and Sands 8, 23 described a technique of SABG in the mixed dentition using cancellous bone from the iliac crest. Further subdivision of SABG has been made based on the stage of the eruption of the canine. Early SABG is performed before the eruption of the canine and late SABG is performed any time following full eruption of the canine. This technique, which resulted in a favorable outcome, has been used widely since then and now is considered a standard procedure in cleft lip and palate surgery. SABG provides viable tissues for the establishment of a morphological and functional normal alveolar process and is not just a mere inert bone uniting and stabilizing the maxillary arch.
1,5Y21,25
Various methods of radiographic evaluation of the success of SABG have been suggested. The scale described by Bergland et al, 1 a four-point semiquantitative scale, focused on the height of the interdental septum adjacent to the erupted canine, and used radiographs taken at least one year after surgery for assessment. Long et al 13 traced the boney contour and expressed the results in terms of percentage of bone covering the roots adjacent to the cleft. A four-point scale to assess the area of bony fill of the cleft site using pre-and post-operative occlusal radiographs was developed by Kindelan et al. 15 The Chelsea Scale 19 assesses the position of the bone within the cleft in relation to the root surfaces adjacent to the cleft using a six-category scale. The Clinical Standards Advisory Group Study (1998) 26 considered Bergland 1 types I and II (achieving at least 75% of the normal interdental septum height) as a successful outcome of SABG. This corresponded to Chelsea 
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Chelsea, 19 and Kindelan 15 scales and concluded that none of the scales demonstrated superior reproducibility over the other two, either within or between observers. The same authors above 20 reported that neither occlusal nor periapical radiographs is superior to the other in the postoperative assessment of the success of SABG. Recently, there has been a trend towards the use of CT for assessing the outcome of SABG because the use of intraoral radiographs has the shortcoming of attempting to judge a threedimensional object from a two-dimensional record. 4 ,28Y32 However, the use of CT scan may be considered unethical because of the amount of radiation the patient receives. Other shortcoming of using CT for assessment of SABG relates to cost, convenience, and accessibility of the technique. Moreover, Rosenstein et al 22 have shown that periapical and occlusal radiographs to be as effective as CT scans.
This study attempted to assess the level of success of early and late SABG in 62 Jordanian unilateral and bilateral cleft patients utilizing the Kindelan 15 four-point scale. Kindelan grade 1 was considered a successful outcome. This material contained 38 bone grafting procedures done before the eruption of the canine (early SABG), while the remaining 39 performed after the eruption of the canine (late SABG). The data do provide a useful sample for comparison of the results achieved in different age groups and cleft types.
The present investigation demonstrated a total of 90% of early SABG unilateral cleft cases with surgical success. This percentage is comparable to the 91% rate reported by Collins et al, 33 18 Although it has been suggested that late SABG has much less successful outcome in comparison to early SABG, 1, 5, 6, 12 the reported success rate rates of late SABG in the literature vary ( Table 2 ). The success rate of our unilateral late SABG of 80% is comparable to the 85% rate reported by Bergland et al, 1 the 84% rate reported by Denny et al, 34 the 81% rate reported by Collins et al, 33 the 76% rate reported by Kalaaji et al, 14 and the 75% rate reported by Newlands. 35 In this study, the 1, 7, 27, 34, 38 ( Table 3 ). This has been attributed to several factors. Poor immobilization of the premaxilla in the postoperative phase significantly jeopardizes the immediate healing process. 1 The availability and quality of neighboring soft tissue for the appropriate design and construction of the flaps is another critical issue. A water tight seal of overlying mucosa and repair of the floor of the nose must be achieved to obtain graft survival. 8 Because of the high incidence of oronasal fistula after primary repair, bilateral cleft patients have a greater opportunity of repeated attempts at surgical closure of clefts or fistula. This will result in an increased amount of scar tissue, leading to further degradation of potential soft tis sue coverage and difficulty constructing a good functional sheet piling separating the nasal cavity from the oral cavity. 3, 13, 34 After SABG, sufficient angiogenesis is necessary before bone remodeling can occur in an area which also has great bone deficiency. In wide bilateral clefts, revascularization of the centre of the graft is probably more likely to fail. 3 In addition, changes in the healing potential with increasing age may lead to impaired bony healing, which further diminishes the graft success when SABG is performed beyond the optimal age in bilateral cleft patients. 12, 27 Because of these characteristics it is necessary to study bilateral cleft SABG separately. 39 The success rate of our bilateral alveolar clefts, both early (56%) and late (57%) SABG, were inferior to that reported by Bergland et al 1 for early (91%) and late (82%) SABG. The poor outcome of our bilateral SABG is due to a combination of the factors discussed above. The severity of the deformity, soft tissues deficiency, and the increased amount of scar in the area neighboring the alveolar cleft influenced the chances of establishing a water tight seal which is essential for graft survival. Poor patient compliance and regular orthodontic attendance in the postoperative phase have lead to inadequate immobilization of the premaxilla in some of our subjects. Jia et al (1998) 39 and Jia et al (2006) 40 reported a success rate of 95% and 91% respectively for BCLP cases when SABG was performed before the eruption of the canine. However, their success rate dropped to 67% when grafting after eruption of the canine. 39, 40 The failure rate reported by the same authors 39, 40 was 9% for early SABG and 33% for late SABG. Denny et al 34 reported that 12% of their early SABG and 28% of their late SABG had a poor outcome. In contrast, our bilateral cleft group graft failure rate was 22% for early SABG and 10% for late SABG. During the period of this study, graft timing was dictated more by the age of the patient at referral than surgical preference. Furthermore, the relatively small sample size of our bilateral cleft group limits the ability to draw conclusions about the outcome of SABG in bilateral cleft subjects.
The overall outcome of this sample of Jordanian cleft patients treated before and after the eruption of the canine showed a clinical success rate of 74% and a failure rate of less than 8%. It is not possible to directly compare these results with other studies in the literature because of the variability in sophistication of measuring methods (Table 4 ). However, complete success or complete failure results can be compared to other studies. 15 Our results are inferior to the highest reported rates of 86% to 94% reported by Bergland et al, 1 Collins et al, 33 Newlands et al, 35 Lilja et al, 18 Schultze-Mosgau et al, 24 Hynes and Earley, 30 and Trindade et al. 21 However, in comparison to other rates of 73% to 84% reported by several investigators, 14, 15, 19, 20, 25, 34, 36 the outcome of SABG in our unit has been relatively successful.
This study assessed the outcome of 77 early and late SABG in unilateral (47) and bilateral (30) Jordanian cleft subjects using the 4-point Kindelan scale. 15 Our findings agree with those of other studies that the critical factor affecting the outcome of unilateral SABG is the timing of surgery. Early unilateral SABG (22) had a success rate of 90% while late unilateral SABG (25) rate was 80%. The success rate of the unilateral SABG (85%) was higher than the rate for the bilateral cases (56%). Our results from the whole SABG sample compared relatively well with other published results.
